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(54) Mode converter and method for converting modes 

face of a multimode waveguide. A first ball lens and sec- 



(57) Disclosed is a system and method for conven- 
ing modes in an optical network. Briefly described, the 
system comprises an optical pathway extending from an 
exit face of a single-mode waveguide to an entrance 



ond ball lens are located in the optical pattiway, with an 
optical link gap located the first and second haW lenses. 
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Description 
Technical Reld 

[0001] The present invention is generally related to 
optical networks and. more particulari/, to a system and 
method ft)r mode conversion in an optical r^twork. 

Background CM The Invention 

[0002] Optical networks which are used for data 
communications and other like applications provide dis- 
tinct advantages over their predecessor electrical net- 
work technologies. Chief among these advantages is a 
much higher rate of speed than that of electrical coun- 
terpart networks. Because of this advantage and oth- 
ers, such as bandwidth, optical networks are more and 
more being installed for local area networking applica- 
tions (LANs) in office buildings, homes, and other loca- 
tions as well as wide area networking applications. 
[0003] With regard to the local area networking 
applications, often times the optical fibers employed in 
such environments are multlmode optical fibers though 
which data is transmitted that originates from light emit- 
ting diodes (LEDs). While such networks provide a 
much faster rale of data communication than do electri- 
cal network counterparts, they are generally limited in 
data rate due to the data rate limitations characteristic of 
light emitting diodes. 

[0004] In contrast, lasers have much higher data 
rates than light emitting diodes and have been proposed 
as replacements for light emitting diodes in existing opti- 
cal local area networks, etc. However, the use of lasers 
with existing mult'mode optical fiber networks is prob- 
lematic, ^ecifically, when transmitting through multi- 
mode optical fibers, lasers do not to excite all of the 
modes in a multimode optical fiber. This is unacceptable 
when, for example, passive star couplers or like devices 
are used for k^ranching or distribution in the multimode 
optical networks. Upon encountering a star coupler, the 
laser radiation is often distributed among the various 
branches of the star coupler unevenly, which may result 
in the loss of signal in certain branches. In particular, 
this is true when the optical fiber Is a graded index mul- 
timode fiber as the single-mode radiation tends to stay 
in the same relative modes within the multimode optical 
fiber. 

Summary Of The Invention 

[0005] The preserrt invention provides a system and 
method for converting rrxx^es in an optical network. 
Briefly described, in architecture, the system comprises 
an optical pathway extending from an exit face of a sin- 
gle-mode wavegukle to an errtrance face of a multimode 
wavegukie. A first ball lens and second ball lens are 
located in the optical pathway, with an optical link gap 
located between the first and second ball lenses. 



P20O6] The present invention can also be viewed as 
providing a metfKXl for converting modes in an optical 
network. In this regard, the method can be broadly sum- 
marized by the following steps: transmitting a las^ 
5 beam along an optical pathway extending from an exit 
face of a single-mode waveguide to an entrance iace of 
a multimode waveguide, and manipulating the laser 
beam using a first ball lens and second ball lens located 
in the optical pathway having an optical link gap there- 
to between to excite multiple modes in tiie multimode 
waveguide. 

[0007] The present invention includes a significant 
advantage in that high speed lasers may be employed 
with existing multimode optical networks to increase the 

IS operating speeds of such systems. A further advantage 
of the present invention is that the mode converter 
embodiment may be constructed using an existing man- 
ufacturing platform. Other advantages of the various 
embodim^its of the present invention is that it is simple 

20 in design, user friendly, robust, reliable, and efficient in 
operation, and easily implemented for mass commercial 
production. 

[OOOq Other features and advantages of the 
present invention wQI become apparent to one with skill 
2S in the art upon examination of ttie following drawings 
and detailed description. It is intended that all such 
additional features and advantages be included herein 
as being within the scope of the present invention. 

30 Brief Description Of The Several Views Of The 

Drawings 

[0009] The invention can be better understood witii 
reference to the following drawings. The components in 
35 the drawings are not necessarily to scale, emphasis 
instead being placed upon clearly illustrating the princi- 
ples of the present invention. Moreover, in the drawings, 
like reference numerals designate corresponding parts 
throughout the several view^. 

40 

Rg. 1 is a schematic of an optical network accord- 
ing to an emtx>diment of the present invention; 

Rg. 2 is a diagrammatic drawing of a mode con- 
45 verter employed In the optical network of Fig. 1 ; 

Rg. 3A is a top view of a substrate assemt>ly of the 
mode converter of Fig. 2; 

so Rg. 38 is a skJe view of the substrate assembly of 
the mode converter of Rg. 2; 

Rg. 4A is side view of a cover that is mated witii the 
substaBte assembly of the nnode converter of Fig. 2; 

55 

Rg. 4B is bottom view of the cover that is mated 
with the substrate assen^ty of tiie mode converter 
of Rg. 2; and 
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Rg. 5 shews the mating of the cover of Hgs. 4A 
and 4B with the substrate assembly of Rgs. 3A 
and SB. 

Detailed Description Of The Invention s 

[0010] With reference to Rg. 1 . shown is an optical 
network 100 according to an emtxxliment of the present 
Invention. The optical network 100 comprises a laser 
source 1 03 that Is optcally coupled to a mode converter io 
110 via a single-mode optical ftoer 113. The laser 
source 103 may have an operating nominal wavelength 
of, for example, 1300 nanometers or other c^erattng 
ranges which are achieved with like devices. Several 
loops are formed in the single>mode optical fiber 113. is 
thereby forming a mandrel 116 which serves to elimi- 
nate unwanted optical propagation in the cladding and 
to limit unwanted modes in the core of the single-mode 
optical IberllS. 

[0011] The mode converter 110 includes a mode bo 
converter body 119 that is optically coupled to a single- 
mode connector 123 via a single-mode waveguide 126. 
The mode converter 110 also includes a multimode 
connector 129 that is optically coupled to the mode con- 
verter body 119 via a multimode waveguide 133. Tlie 2S 
multinxxle connector 129 is qatlcally coupled to a star 
coupler 136 via a multimode optical fiber 139. The star 
coupler 1 36 serves to split the optical signal transmitted 
through the multimode optical f Bber 139 into two or more 
multimode optical fibers 143. although only two optical 30 
fibers 143 are shown. Both of the multimode optical fb- 
ers 143 terminate in optical detectors 146. Note there 
are several loops included in the multimode optical f ifc>er 
139 forming a second mandrel 149. 
[0012] For purposes of the discussion herein, the 3S 
star coupler 136. multimode optical fibers 143, and opti- 
cal detectors 146 are shown as examples of various 
components that may be employed in a multimode opti- 
cal fiber network, it is understood that other multimode 
optical components may be employed as well. 40 
[001 3] The operation of the optica! network 1 00 is 
as follows. A laser beam is generated in the laser 
source 103 and is transmitted through the single-mode 
optical fiber 113 to the mode convener 110. The mode 
convener 110 converts the single-mode fiber beam into 4S 
a multimode fiber beam that is transmitted thorough the 
multimode optical f ber 1 39 to the star coupler 1 36. The 
star coupler 136 causes the laser beam to be split, 
where aii^roximately one-half or other appropriate frac- 
tion of the power of the laser beam is transmitted so 
through each of tiie multimode optical fibers 143 to the 
respective optical detectors 146. Due to the conversion 
of the single-mode fiber beam into a multinKXIe fiber 
beam in the mode converter 110, the split in the power 
of the multimode laser beam among the two multimode ss 
optical fibers 143 is af^roximately even or other appro- 
priate proportion. This is due to the fact that all or most 
of the modes of the multimode optical fiber 1 39 are sub- 



109 A2 4 

stantially filled. 

[0014] Turning then, to Fig. 2, shown is the mode 
converter 110. As seen, ttie single-mode waveguide 
1 26 is surrounded by a jacket 1 53 and terminates within 
the mode converter 1 10 at an exit face 156. A portion of 
the jacket 1 53 has been removed from a section located 
at the end of the single-mode waveguide 126 which ter- 
minates at the exit face 156. The single-mode 
waveguide 126 is comprised of a sngle-mode core 159 
and a cladding 163. The laser beam which propagates 
through the single-mode mveguide 126 exits through 
tiie exit face 156. 

[0015] In a similar manner, the multimode 
waveguide 1 33 Is sun^ourvied by a jacket 1 66 andi temrti- 
nates within the mode converter 110 at an entrance 
face 169. A portion of the jacket 1 66 has been removed 
from a section located at the end of the multimode 
waveguide 133 which terminates at the entrance face 
169. The multimode waveguide 133 is comprised of a 
multimode core 173 and a cladding 176. The emrance 
face 169 is positioned to receive the laser beam, as will 
be discussed hereinafter. 

[001 6] The mode converter 110 also includes a first 
ball or spherical lens 179 and a second ball or spherical 
lens 183. The exit face 156 of the single-mode 
waveguide 1 26 is positioned at the focal point of.the first 
ball lens 179 which is a distance from tiie first ball 
lens 179. Likewise, the entrance face 169 of the multi- 
mode wavegukie 133 Is positioned at the focal point of 
flie second ball lens 183 which is a distance I2 from the 
second ball lens 183. The first and second ball lenses 
179 and 183 are positioned to form an optical link gap 
186 of length L therebetween. The length L Is specified 
so that the exit face 156 and the entrance face 1 69 both 
are substantially positioned on the focal point of the first 
and second ball lenses 179 and 183. Thus, the mode 
converter 110 fomis an optical pathway that extends 
from the exit face 156 of the single-mode waveguide 
126 to the entrance face 169 of the multimode 
waveguide 133 through the first and seoorKi bail lenses 
179 and 183. The laser beam travels along this optical 
pathway from the exit face 156 of the single-mode 
waveguide 126. through the first and second ba\\ lenses 
1 79 and 183. and into the entrance face 169 of the mul- 
timode optical waveguide end 156. It is a significant 
advantage of the present invention that the first and sec- 
ond b€dl lenses 179 and 183 condition the laser beam in 
such a manner that multiple modes are excited in the 
multimode waveguide 133 as the laser radiation leaves 
the mode converter 110. 

[0017] The optical link gap 186 provides an advan- 
tage in that it serves to physically separate the single 
mode side of tiie mode convener 110 from the multi- 
mode skie so that vibration introduced to the mode con- 
vener 110 by outstele forces does not adversely effect 
the optical coupling between the exit face 156 and the 
entrance tece 169. 

[0018] With reference to Fig. 3A, shown is a sut>- 
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Strafe assembly 200 upon which is mounted the mode 
converter 110 according to an embodiment of the 
present invention The substrate assembly 200 includes 
a substrate 201 which may be made of ^lica. plastic, or 
other like material. Mounted on the substrate 201 is the 
single-mode waveguide 126 which includes a single- 
mode fiber 126 with a section of the jacket 153 removed 
at the end. The exposed section of the single-mode 
waveguide 126 is adhesively fixed into a first single- 
mode groove 203 and the portion of the single-mode 
waveguide 126 with the jacket 153 is adhesively fixed 
into a second single-mode groove 206. The first and 
second single-mode grooves 203 and 206 are wedge 
shaped where the second single-mode groove 206 is 
much deeper than the first single-mode groove 203 to 
accommodate the greater diameter of the jacket 1 53. In 
a similar manner, the multimode waveguide 133 is 
adhesively fixed into first arid second multimode 
grooves 209 and 21 3. 

[001 9] The first and second ball lenses 1 79 and 1 83 
are. for exairple. sapphire ball lenses, although they 
may be tehioned from other lens materials. The first 
and second ball lenses 179 and 183 are adhesively 
affixed to a first and second support cavities 216 and 
219 which are in the form of tetrahedrons, for example, 
although other shapes may be used as well such as tri- 
angular pyramkis, etc. 

[0020] yVith reference to Fig. 3B, shown is a skle 
* view of the substrate assemt^y 200. From the side view, 
three transverse grooves 223, 226, arKi 229 are dearly 
shown. An index matching medium 233 is disposed 
between the exit face 156 of the single-mode waveguide 
126 and the first ball lens 179. An index matching 
medium 233 in the form of a gel, for example, is also dis- 
posed between the second ball lens 183 and the 
entrance face 169. The index matching medium 233 
prevents unwanted diffraction In the laser beam as it 
propagates from the exit face 156 to the first ball lens 
1 79 and as it propagates from the second ball lens 183 
to the entrance face 169. 

[0021 1 With reference to Rgs. 4A and 4B. shown is 
a side view and a top view of a mode converter cover 
300. The mode converter cover 300 is adhesively joined 
to the substrate assembly 200 (Figs. 3A and 3B). cov- 
ering the components which are mounted thereon to 
protect the components and to ensure the integrity of 
the optical pathway formed thereby The mode con- 
verter cover 300 includes a first and second cover 
grooves 303 and 306 which mate opposite the first and 
second single-mode grooves 203 and 206 (Figs. 3A 
and 38). Likewise, the mode converter cover 300 also 
includes first and second cover grooves 309 and 313. 
Note that the cover grooves 303, 306, 309, and 313 are 
designed to cover the single-mode and multimode 
waveguides 126 and 133 (Rgs. 3A and 38) as well as 
the jackets 153 and 166 (Figs. 3A and 38), but do not 
necessarily come into contact with these components, 
although such contact may be aeated if desirabia 
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[0022] The mode converter com& 300 also includes 
first and second cover support cavities 316 and 319 
which mate opposite the first and second support cavi- 
ties 216 and 219 (Rgs. 3A and 38). The mode con- 

5 verter cover 300 also features six ribs 323, which mate 
into the transverse grooves 223, 226, and 229 (Rgs. 3A 
and 38), the grooves being placed on either side of the 
optical pathway. Thus, the six ribs 323 form a first cavity 
326, a second cavity 329, and a middle cavity 333 

10 which, wnth the counterpart space in the transverse 
grooves 223. 226, and 229. ultimately provide the space 
through which the optical pathway is establish^. Note 
then, that the middle cavity 333 and its transverse 
groove counterpart form the optical link gap between 

IS the first and second ball lenses 179 and 183 (Rgs. 3A 
and 38). Also, the first and second cavities 326 and 329 
provide the space for the index matching medium 233 
disposed therein. 

[0023] With reference to Rg. 5, shown is the sub- 
20 strata assembly 200 and the mode converter cover 300 
as they assembled together. A suitable adhesive such 
as, for example, an epoxy Is applied to the appropriate 
planar surfaces of the substrate assembly 200 and the 
mode converter cover 300. Note that when placed 
25 together, the first and second cover grooves 303 and 
308 which mate opposite the first and second single- 
mode grooves 203 and 206 (Figs. 3A and 38) thereby 
forming single-mode ports. Ukewise, the first and sec- 
ond cover grooves 309 and 313 maled with the first and 
30 second multimode grooves 209 and 213 form multi- 
mode ports. 

[0024] With reference back to Hgs. 3A and 38. the 
present invention may also be viewed as a method for 
manufacturing the mode converter 110. In a f nrst step, 

35 the sut)strate 201 Is created using a sheet of sut^strate 
material such as silica or like material. The sheet Is 
used to create several substrates 201. Several trans- 
verse grooves 223^ 226, and 229 are cut into the sheets 
at appropriate Intervals. Thereafter the first and second 

40 angle-mode grooves 203 and 206. the first and second 
multimode grooves 209 and 213, and the first and sec- 
ond support cavities 179 and 183 are introduced using 
bulk machining methods. In another alternative, the 
substrate 201 is constructed from plastic or like material 

45 using an injection molding process in which completed 
parts with all of the forementioned grooves and support 
cavities are produced using the mold employed. 
[0025] Thereafter, the single-mode and multimode 
waveguides 126 and 133 are placed in the first single- 

50 mode groove 203 and the first multimode groove 209. 
respectively. This is performed on a heated surface. An 
epoxy or like adhesive is injected into the first single- 
mode groove 203 and the first multimode groove 209 
near the single-mode and multimode waveguides 126 

55 and 133 dose to the points where the jackets 153 and 
166 have been cut off. The epoxy flows via capillary 
action along the first single-mode groove 203 and the 
first multimode groove 209 under the single-mode and 
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muttimode waveguides 126 and 133 and ultimately 
flows out into the transverse grooves 223 and 229. The 
transverse grooves 223 and 229 provide a place for 
extraneous ac^esive to flow without obstructing the exit 
face 156 and the entrance face 169. The epoxy acffte- 5 
sive then cures, firmly fixing the single-mode and multi- 
mode waveguides 126 and 133 in the first single-mode 
groove 203 and the first muHimode groove 209. respec- 
tively. 

[0026] Next, another adhesive is injected at the 10 
base of the jackets 1 53 and 166 at the ends of the sub- 
strate 201 . This adhesive flows into the second single- 
mode groove 206 and the second multimode groove 
213 under the jackets 1 53 and 1 66, which f ixes the jack- 
ets 1 53 and 1 66 thereto. is 
[0027] Thereafter, a suitable adhesive is placed in 
the support cavities 216 and 219 and the first ard sec- 
ond ball lenses 179 and 183 are placed therein. The 
adhe^ve is cured and the index matching medium 233 
is applied between the exit tece 1 56 of the single-mode 20 
waveguide 126 and the first balJ lens 179, arxJ between 
the entrance face 169 of the multimode waveguide 133 
and the second ball lens 183. 

[0028] With reference once again to Rgs. 4A and 
4B, the nrKxie converter cover 300 is fiabricated using ss 
suitable bulk machining steps, or injection molding. 
Finally, with reference to Rg. 5, a suitable adhesive is 
placed on the fiat planar surfeces of either ttie substrate 
assembly 200 or the mode converter cover 300, and 
they are mated appropriately and cured at a proper tern- 30 
perature. 

Claims 

1 . A single-mode to multimode converter, comprising: 35 

a substrate; 

a single-mode waveguide attached to the sub- 
strate, the single-mode waveguide having an 40 
exit face; 

a multimode waveguide attached to the sub- 
strate, the multimode waveguide having an 
entrance face, wherein an optical pathway 45 
extends from the exit face to the entrance face; 
and 

a first lens and second (ens attached to the 
substrate and positioned in the optical pathway, so 
the first and second lenses being separated by 
an optical link gap. the first and second lenses 
being adapted to condition a laser beam prop- 
agating along the optical pathway to excite a 
number of nnodes in the multimode waveguide, ss 

2. The convener of claim 1, further comprising an 
index matching medium optically coupling the exit 



f^ce of the single-mode waveguide to the first ball 
lens and the entrance face of the multimode 
waveguide to the secorKi ball lens along the optical 
pathway. 

3- The convener of claim 1 , further comprising: 

a single-mode port, the single-mode 
waveguide being f ixed therein; 

a multimode port, the multimode waveguide 
being fixed therein. 

4. The converter of daim 1 , further comprising: 

a first ball lens support cavity on the substrate, 
the first ball lens being fixed therein; 
a second ball lens support cavity on the sub- 
strate, the second tsali lens being fixed therein. 

5. The convener of daim 3, further comprising : 

the angle-mode waveguide being adhesively 
fixed to the substrate in the single-mode port; 
and 

the multimode waveguide being adhesively 
fixed to the substrate in the multimode port. 

6. A hybrid multimode^ngle-mode optical network, 
conprising: 

a mode converter conprising 

a substrate; 

a single-mode waveguide attached to the 
substrate, the single-mode wavegukie hav- 
ing an exit face; 

a multimode waveguide attached to the 
substrate, the multimode waveguide hav- 
ing an entrance face, wherein an optical 
pathway extends from the exit face to the 
entrance face; 

a first lens and second lens attached to the 
substrate and positioned in the optical 
pathway, the first and second lenses being 
separated by an optical link gap. and the 
first and seoorxi lenses being adapted to 
condition a laser beam propagating along 
the optical pathway to ^cite a numk>er of 
modes in the multimode waveguide; 

a laser source optically coupled to the ^ngie- 
mode waveguide; and 



BNSDOCID; <EP ^1041409A2J_> 



9 



EP 1 041 409 A2 



10 



a multimode destination point optically coupled 
to the multimode waveguide. 



lens and second ball lens located in the optical 
pathway having an optical link gap therebe- 
tween, thereby exdtng a number of nnodes in 
the multimode waveguide: and 



7. A method for converting modes in an optical net- 
worK comprising the steps of: 



6 



transmitting a laser beam along an optical 
pathway extending from an exit face of a single- 
mode waveguide to an entrance face of a mul- 
timode waveguide; and 



receiving the laser beam in an optical destina- 
tion device optically coupled to the multimode 
waveguide. 



10 



conditioning the laser beam using a first ball 
lens and second t)all lens located in the optical 
pathway having an optical link gap therebe- 
tween to excite a number of modes in the mul- is 
timode waveguide 

& The method of dalm 7, further comprising the steps 



optically coupling tiie &st face of tiie single- 
mode waveguide to the first ball lens with an 
index matching medium; and 

optically coupling the entrance face of the mul- 25 
timode waveguide to the second ball lens with 
the index matching medium. 

9. The method of claim 7. further comprising the steps 

of: 30 

fixing the single-mode waveguide in a single- 
mode port; and 

f ixing the multimode waveguide in a multimode 3S 
port. 

1 0. The method of claim 7, further comprising the steps 
of: 

40 

supporting the first ball tens in a first ball lens 
support cavity; and 

suf^rting the second ball lens in a second ball 
lens support cavity. 45 

11. A method for mode conversion in a hybrid multi- 
mode/single-nrK)de optical network, comprising the 
steps of: 



generating a laser beam with a laser; 

transmitting tiie laser beam along an optical 
pathway extending from an exit face of a single- 
mode waveguide to an entrance face of a mul- ss 
timode waveguide; and 

conditioning the laser beam using a first ball 



of: 



so 
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